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Wire position monitor (WPM) is designed to monitor contraction of the cold masses during the cooling-down 
operation in an accelerator driven system. Because of material difference, machining error, assembly error, etc., 
each WPM has to be calibrated. The sensing voltage and wire position are of a nonlinear relationship, which 
is expressed by high order polynomial. Root mean square (RMS) of the polynomial fitting error were 3.8 um 
and 7.4 um at x and y directions, respectively. The alignment test was carried out on the beta cryostat. Optical 
instruments were used to verify the WPM measuring results. The differences between WPM measuring results 
and optical measurements were 0.044 and 0.05 mm in z and y direction, respectively. A significant asymmetric 
contraction was detected, and asymmetry of material was taken as the main reason through analysis. 
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I. INTRODUCTION 


An accelerator driven system (ADS) is being developed at 
IHEP (Institute of High Energy Physics, Chinese Academy 
of Sciences). Most cavities and magnets are working in the 
cryostat at liquid Helium (LHe) temperature. Each cryostat 
has 6 superconducting cavities and 5 superconducting mag- 
nets. Their alignment will be carried out at room temperature 
first, and after contraction the positional error of the cavities 
and magnets shall be within +0.1mm [1, 2]. The conven- 
tional collimation methods are difficult to be implemented to 
measure the targets within the cryostat, and the material con- 
traction shall be monitored during the thermal cycle, so a wire 
position monitor (WPM) was designed to monitor the posi- 
tion change caused by contraction and expansion [3-5]. The 
design and machining of WPM has already completed [6]. 

Because of the material difference, machining error, as- 
sembly error, etc., each WPM has to be calibrated before us- 
ing. A platform was designed to calibrate the WPMs. Then 
alignment experiment was carried out on the beta cryostat. 
Optical instruments were used to verify the WPM measure- 
ment results. 


Il. SIMULATION 
A. Calibration simulation 


The calibration simulation results [7], on CST microwave 
studio within +4 mm in 0.5 mm steps, are shown in Fig. 1. 

K, and K,, functions of the wire position x and y, are 
defined as 


K,=2/U, Ky=y/V, (1) 
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Fig. 1. (Color online) The U-V map (in voltage) obtained by cali- 
bration simulation. 


where U and V are the sensing voltage in wire position x and 
y, respectively. A, and K, are approximately constant when 
x and y are small. Because of the probe geometry of and the 
microstrip angle, the relationship between the sensing voltage 
and wire position in each direction is not linear. High order 
polynomial can be used to express the relationship [1, 8] 


k k~i k k-i 
c=) Age’: y= >) )0 ByU'V!, (2) 
i=0 j=0 i=0 j=0 


where A and B are polynomial coefficients of each direction, 
and k is the order of polynomial, which can adjusted accord- 
ing to the calibration result. 


B. Influence of WPM’s position error 


The inner radius of WPM is 12mm. The microchips were 
1mm wide and 76mm long, and their height is calculated 
to achieve the 50 Q match with the reading out circuits [1]. 
The wire position monitor is supported by a low expansion 
coefficient insulation material G10 in cryostat. The set-up is 
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Fig. 2. (Color online) The WPM on the platform (a) and the simulation sketch (b). 


placed on a steel platform. The connection structure between 
platform and WPM is shown in Fig. 2(a). Due to the assemble 
error, the WPM may not be parallel with the wire. Four sets 
of simulations were done to analyze the influence of this posi- 
tion error. The coordination system is aligned with the center 
of WPM and the end of the microstrip (Fig. 2(b)). Simulated 
position errors caused by wire tilting in 0.5° steps are given in 
Table 1, where L is the length of the strip and the coordinates 
are rotate centers in each simulation. 


TABLE 1. Position errors caused by wire tilt 


Tilt z=0, z= 0, z=0, x=0 
angle y=0, y=0, y=0, y= 2, 
(degree) z=L/2 z= L/4 z=0 z = L/2 
0 0.000 0.000 0.000 0.017 
0.5 0.002 —0.068 —0.145 0.110 
1.0 0.020 —0.165 —0.318 0.273 
1.5 0.038 —0.204 —0.403 0.415 
2.0 0.047 —0.235 —0.572 0.584 
2.5 0.059 —0.315 —0.656 0.733 
3.0 0.068 —0.342 —0.782 0.908 


The readout sensing signal is a superposition of upstream 
signal and reflection of downstream signal [6]. Amplitudes 
of the two signals should be the same. The readout signal 
actually reflects the center position of the wire. So, a position 
calculated by a calibration simulation result is compared with 
the real center position of the wire, and each value in Table 1 
is the error between them. From Table 1, one sees that the 
further the tilt center from the WPM center, the bigger the 
error is. If the tilt center is at the WPM center, the error can 
be ignored within +2°. But the error cannot be ignored even 
within 0.5° when tilt center changes. 


Electronic level, optical level and theodolite were used to 
adjust the relative position between the WPM probe and the 
wire. The electronic level was used to level WPM probe. The 
optical level was used to level the wire. The theodolite was 
used to adjust parallelism of the vertical lines in the horizontal 
plane, which can be guaranteed within 10”. 


Il. CALIBRATION PLATFORM 


The WPM contains four Cu antennas supported by SMA 
jacks. The upstream ports are connected to the readout elec- 
tronics to measure the signal amplitude, while the down- 
stream ports are terminated by a 50 Q loads. The monitor 
body is made of Cu, too. 


A. Platform structure 


In the calibration platform (Fig. 3), a fixed stretch wire 
acts as a reference [9, 10] and signal carrier fed by 215 MHz 
RF signal [5, 11, 12]. The WPM is attached to an electric 
translator stage with a high position solution up to 2 um. The 
platform takes the WPM to move around to simulate material 
contraction. The sensing signal of four microstrip-antennas 
changes with the movement, and the signal amplitude can cor- 
respond to a certain displacement after calibration [13, 14]. 


Platform 


Fig. 3. (Color online) Calibration stand with WPM, translator stage 
and bellows. 
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B. Input and termination structure 


The wire connection with external RF signal and the 
matching load are made in the two external boxes (Fig. 4). 
The input side is fixed, and the other side is loaded with a 
set of steel blocks. At both sides, the copper beryllium wires 
are allowed to slide on the G10 pulley during contraction or 
expansion. The wire edges are clamped between G10 blocks, 
the total weight of steel blocks are 5 kg [15]. 


Fig. 4. (Color online) The RF input and termination. 


C. Data acquisition 


Figure 5(a) is a diagram of the data processing circuits. 
A time-sharing system is used. The digital IO controls RF 
switches for the WPMs [16]. The signals from the moni- 
tor are processed by a bergoz card, and transferred to a PC 
through DAQ card to calculate wire position by coefficients 
calibrated. The sensing signals are shown in Fig. 5(b). 


IV. WPM CALIBRATION 


The SMA jacks use PTFE insulation, which contracts as 
temperature goes down. This common mode contraction in 
symmetric structure will be cancelled in differential circuits. 
Experiment results show that the reading difference between 
LN, and room temperature is about 0.04mm, which is par- 
tially caused by body contraction or temperature differential. 
So, the wire position monitor is only calibrated at room tem- 
perature. We did two calibration tests, one is within r/2 
(+6 mm) in step of 0.2 mm, the other is within r/3 (£4 mm) 
in step of 0.1 mm (Fig. 6). U—V is the sensing voltage at each 
position. 100 mV corresponds to 0.1 mm displacement at the 
center. 

We use sixth-order polynomial in r/2 (+6 mm) mapping 
and fourth-order in r/3 (44mm) mapping. The fitting results 
of r/3 (+4mm) mapping are given in Table 2. 

The coefficients Aoo and Boo at U?V? are offset between 
the geometry center and electrical center of each direction. 
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Fig. 5. (Color online) Block diagram of the data acquisition elec- 
tronics (a) and signals at the four pickups (b). 


TABLE 2. The calibration coefficient (in mm) of +4 mm 


U?V?’ —7.21 x 1073 —2.83 x 107 
uv} 1.71 x 107° —1.51 x 1073 
U?V? 8.42 x 1071? 2.22 x 1071? 
Uys 1.60 x 10718 —3.93 x 1074 
u°y4 1.58 x 10716 —1.11 x 10716 
uty? —1.51 x 107% —6.67 x 1077 
U'v} —2.21 x 1071° 7.74 x 107° 
uly? —3.79 x 107" 1.51 x 1071’ 
uly? —8.58 x 10718 —2.00 x 10716 
Uzy° —8.28 x 107° —2.75 x 10-4 
U?V! 1.11 x 1078 —3.42 x 1071 
UV? —1.33 x 10716 6.01 x 1071" 
Uye —3.20 x 1071 7.00 x 10715 
UV! 1.51 x 10717 9.24 x 10716 
UV’ 1.33 x107" =951x 1071" 


The offset is —7.2 um at x direction, and —2.8 um at y direc- 
tion. Ap; and By are the first order coefficients which rep- 
resent position resolution, the smaller the better. The fitting 
results in +4mm and +6mm are consistent. The variances 
of fitting error are as following [8] 
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Fig. 6. (Color online) U-V mapping within r/3 (+4 mm) in 0.1 mm 
steps (a) and r/2 (+6 mm) in 0.2 mm steps (b). 


n (zo, — Xp)? 
Sa—4mm = JZ a 3.8 um, 
n 


n a2 (3) 
ee jp Yp) STA, 


Sz—6mm = 0.047 mm, 


Sx—6mm = 0.045 mm. 


As shown in Fig. 7, the fitting error of +6mm is much 
bigger than that of +4mm. 


V. ALIGNMENT EXPERIMENT 
A. Experiment setup 


A complete thermal cycle was carried out on the beta- 
cryostat designed for alignment test only. The beta-cryostat 
was 2m long. There were four WPMs symmetrically assem- 
bled beside the 1 m cavity made of 316 steel, the same ma- 
terial with its girder. A schematic layout of the WPMs and 
optical targets is shown in Fig. 8. The parts in blue is made 
of G10 material. Having low thermal conductivity and low 
thermal deformation [5], it is used as support of the WPMs 
and optical targets and the bottom insulation layer. 
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Fig. 7. (Color online) Fitting error of +4 mm (a) and +6 mm (b), as 
a function of distance from the center. 


Fig. 8. (Color online) Schematic layout of WPMs and optical targets. 


When the temperature drops down, the cavity and its girder 
will contract. Attached to the cavity, a WPM will suffer a dis- 
placement at both horizontal and vertical directions [17, 18]. 
The contraction of major concern happens between the cav- 
ity center and the girder bottom. The distance between them 
was 0.419m. The two optical targets placed at one end of 
the cryostat on the same support with WPM had the same 
displacement with WPM. Levels was used to measure ver- 
tical displacement of the optical targets, and theodolites to 
measure the horizontal displacement. The optical measure- 
ments and the WPM measurements were compared to check 
the correctness. 


B. Experiment procedure 


The beta-cryostat evacuation started at 8:00 on June 10, 
2014, and the vacuum reached 0.1 Pa about 3h later. Figure 9 
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shows horizontal and vertical displacements of the beta- 
cryostat during the whole thermal cycle. 


Fig. 9. (Color online) Historical graph of horizontal and vertical 
displacement of beta-cryostat cold mass during the whole thermal 
cycle. 


At the beginning, a positive movement can be seen in 
both vertical and horizontal direction, as an effect of evacua- 
tion. The cool-down procedure started right after the vacuum 
reached 0.1 Pa. Liquid N, was pumped into the @1 m cavity, 
which suffered a sharp change in displacement. After a little 
recovery from the sudden change, the contraction increased 
as the temperature went down [19]. From the figures, we can 
see the contractions were not symmetrical, especially in the 
x direction. The maximum contraction difference in x direc- 
tion was 0.4mm, and the maximum difference in y direction 
was 0.2mm. This asymmetric contraction may cause a shift 
of the facility center. So, guaranteeing the girder material’s 
symmetry should be of a major consideration [20, 21]. 

The warm-up started at 12:00 on June 11. This procedure 
was much slower than cool-down. The position is well re- 
covered from the vertical and horizontal displacement after 
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Fig. 10. (Color online) Error between optical and WPM measure- 
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